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Method for recording information on a record carrier, a record carrier and a recording device 



The invention relates to a mefeod for recording information on an optical disc 
comprising a first layer of a first material and a second layer of a second material, the method 
comprising irradiating a region of the optical disc with a dose of laser energy where the first 
material of the first layer reacting with the second material of the second layer in the region 
irradiated with the dose of laser energy, to a record carrier comprising a first layer of a first 
material and a second layer of a second material, and to a recording device for recording 
information on an optical disc comprising a control circuit for controlling a dose of 
irradiation emitted by a laser and a detection circuit for detecting a type of optical disc. 

Recording information can be performed on a record carrier comprising a first 
layer of Cu and a second layer of Si. 

The layers are located on top of each other and in direct physical contact 
When the layers are irradiated with a dose of laser energy in a region the first layer and the 
second layer are heated in that region. When the temperature is high enough both layers melt 
or in another way break-down by a temperature-induced or photon-induced reaction and, in 
the region of the high temperature, the materials of the layers react with each other to form 
CuSi. The reflectivity of CuSi differs from the surrounding area outside the region where the 
melting occurred. Thus information is recorded by differences in reflectivity of fee recording 
materials. 

This method has the disadvantage that the Cu and Si layers can, even without 
being irradiated by a dose of laser energy, react wife each other, resulting in a loss of contrast 
which in turn leads to less robust readability and long term stability. 

It is fee objective of fee present invention to provide a method where fee 
layers will not react wife each other unless irradiated by a dose of laser energy. 

In order to achieve this objective fee invention is characterized in feat a third 
layer, located between fee first layer and fee second layer when irradiated wife a dose of laser 
energy only enables fee reaction between fee first material and fee second material in fee 
region irradiated by wife fee laser dose. 

By separating fee recording layers by a third layer there is no reaction possible 
unless fee third layer is broken down by irradiation by a dose of laser energy. In fee region 
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where the third layer is broken down the reaction between the first layer and the second layer 
can takeplace. In the other regions the first layer and the second layer remain separated by 
the third layer and any reaction le ading to a reduction in co ntrast is prevented 

iSBTBty are thus achieved 



~ -When tWs Ascription-refers to the 'bteak-down'of the third layer-tteak 
down' mustbe construed to also mean 'deterioration', 'melting', 'evaporation', 'chemical 

..break down' or..'mechanical break down!.. The important el^ 

mxrd layer prevents a reaction between the material of the first layer and the material of the 
Second la ^ while in the second , break down,- s tate the third layer no longer prevents the 
reaction in the region where the third layers is broken down. 

An embodiment of the invention is characterized in that the reaction is a 
chemical reaction 

The change in contrast can be achieved by choosing the first material of the 
first layer and the second material of the second layer such that they will produce a change in 
contrast when mixed This may be organic and inorganic materials. Since the third layer 
separates the two materials, the invention allows combinations of materials to be chosen mat 
wouldnormally react with each other when in contact, even at regular room temperature 
instead of elevated temperatures as created by the irradiation. 

Further more combinations of materials can be chosen that react when 
madiated with a dose of laser energy that is lower than the dose of laser energy needed to 
break down the third layer. 

When choosing a combination of materials thai react when irradiated with a 
dose of laser energy tha, is higher man me dose of laser energy needed to break down the 
flrird layer, the third layer wffl be broken down in a larger region man where the materials of 
the first and second layer react This however still provides the advantage of the definition of 
the maximum area where the materials of the firs, and second layer wfll react, impreving me 
long term stability and putting an upper limit to the reduction of comma. 
A wider choice of materials is possible 

A further embodiment of the invention is characterized in that the reaction is a 
melting to form an alloy of the first material and the second material. 

By elevating the temperature of the materials on both sides of tile third layer 
wmle a, the same time breaking down the dure layer the molten material in the first layer cm. 
form an alloy with the molten material in the second layer. Also the increased temperature 
can induce interlayer diflusion. The dose of laser energy applied to me layers has the shape 
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of a bell curve. Because temperature is highest in the center of the region and drops off going 
radial outwards from the center of the region the melting and thus the formed alloy might not 
be uniform. The third layer forms, with the proper choice of material, an aperture between the 
layers defining the region where the reaction by melting can occur. The increased 
temperature of the materials in the other layers outside the region defined by the aperture in 
the third layer, will not lead to any reaction between the first layer and the second layer 
because the intact third layer prevents this reaction This results in a better defined region 
where the alloy is formed and hence improved readability of the information on the record 
carrier. Using materials that form an alloy allows the information to be stored in a stable 
alloy, resisting aging of the record carrier 

A further embodiment of the invention is characterized in that the reaction is 
enabled by permanently altering the region in the third layer. Permanent altering may be 
mechanical deformation, thermally induced degradation, or photo-induced degradation, etc. 
By permanently altering the region in the third layer a write once record carrier is obtained, 
resulting in permanently stored information. 

A further embodiment is characterized in that the permanently altering is 
achieved by irradiating an organic material in the third layer. 

By choosing an organic material, such as a currently commonly used organic 
dye used in optical recording for the third layer, the third layer can be formed such that when 
irradiated the material is destroyed. The dye can be tuned to the color of the laser such that 
the appropriate amount of irradiation is absorbed. The absorption influences the temperature 
together with the dose of irradiation. The material of the first layer and the material of the 
second layer each have a for that material particular absorption. The absorption of the first 
and second layer are fixed by the choice of the materials for the first and second layer. The 
laser beam radiation passes through the three layers. The radiation first passes through the 
first layer, then through the third layer and then through the second layer. Each layer absorbs 
a fraction of the radiation. Consequently the irradiation is reduced the further the radiation 
passes through the layers. In order to control the temperature increase caused by the 
irradiation of the layers, the absorption can be adjusted so that the layers absorb the right 
amount of energy and reach the correct temperature for the desired reaction to occur. 

A further embodiment of the invention is characterized in that the third layer 
requires a higher dose of laser energy for enabling the reaction than required for the reaction 
of the first material with the second material. 
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The dose of laser energy applied to the layers has toe shape of a bell curve 
The temperature to the region taadiated by toe laser is there tore not uniform but has a ' 
relatively small center wiutaMgherten rperetoreandaareaaremK.tt.eoentoroffte^.. 

wdl be lunited to toe center of the region irrediated by the laser. Tie area where the third 

conseqnenfly.be smaHer.man.ure total region, irradiated The reaction- 
between toe materia, of me firs, layer and the material of the second layer will be resuicted to 

1A " ■-* m * MM * t «^^^**m*«t,~* a , }Hlmm t. 

10 material of toe firs, layer and me material of the second layer will also be smaller man me 
totel region irrediated by the laser, m this way toe reacrion btfween toe material of toe firs, 
layer and fire material of me second layer is limited by size of hole in thnd layer not by 
meltmg / reaction characteristics of the materials of the fire, and second layers 

15 irrediated. ^ "™ " " ** ^ *» *° ™* »*» 

In other words: marfa mat are smaller man die spo, size oftire laser used to 
^ e ^<^b.wri^ ra to^ cariOT .^ OT ^ a ^ moremaAstoi)e 

recorded on toe recom carrier, resulting in a higher storage capachy of toe recorf earner 
because bod, in a tengential as well as radial direction the deasi«y can be increased Smaller 
20 marks also enables the wrung of a two-dimensional date pattern. 

It must be noted tire, me absorption plays an important role in energy 
absorption ftom «he irrediation. Tbus even mough toe drird layer receives less irradiation man 
toe layer^ove toe toirdtayer when toe bredretio. originates from above, a higher absorption 
still resuh, m a shd, of toe temperatore distiibution in toe region of toe mud layer ton, is 
25 nremated to a higher temperetore than toe firs, layer and toe second layer in ma, region A 
second entire, causes a temperatore rise in toe third (interrece) layer is bea, diflbsion. 
Tins hea» drffusren tekes place from the first or toe second layer. 

This interne* with toe temperetore at which toe third layer is broken down in 
tta ^^vante g escanbeob»ainedwbencom^ 
30 layer as a reference point 

The idea is that toe aperture created in toe tond layer is smaller toan toe 
optical spotbypmper selection of toe materials in toe recording stocks. Two effectsplayan 
mtportan, role in achieving dre temperatore distiibutio. (and tons creating toe aperture) in toe 
thud layen flrennal properties of toe recording stock (hea, difiusion) and tear Ugh, 
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absorption (direct heating). The break-down temperature is here defined as the temperature at 
which layer 1 and 2 react to form a stable mark. 

Two different situations can be distinguished: 

The third layers is absorbant. (heat diffusion plus direct heating) 

a material with a higher break down temperature can be chosen for the third 
layer when, for the same irradiation, a lower absorption is chosen. 

a material with a higher break down temperature can be chosen for the third 
layer when, for the same irradiation, a higher absorption is chosen and if the purpose of the 
third layer is only to achieve chemical stability (barrier) at room temperature). 

a material with a lower break down temperature can be chosen for the third 
layer when, for the same irradiation, a higher absorption is chosen. 

a material with a lower break down temperature can be chosen for the third 
layer when, for the same irradiation, a lower absorption is chosen and if the third layer is only 
meant for achieving chemical stability at lower temperature. 

a material with the same break down temperature can be chosen for the third 
layer and will, for the same irradiation, result in smaller openings in the third layer when a 
lower absorption is chosen 

a material with the same break down temperature can be chosen for the third 
layer and will, for the same irradiation, result in larger openings in the third layer when a 
higher absorption is chosen. 

The third layers is semi transparent (only heat diffusion) 

a material with a higher break down temperature can be chosen for the third 

layer. Heat diffusion causes thermal break down of the third layer. 

a material with a lower break down temperature can be chosen for the third 

layer in case only a stable reaction barrier at room temperature is wanted. 

The absorption of organic dyes can for instance be controlled in relation to the 
color of the radiation from the laser. 

A further advantage of the situation where the third layer requires a higher 
dose of laser energy for enabling the reaction than required for the reaction of the first 
material with the second material is that cross write effects are minimized. Because of the 
bell shape of the temperature distribution and the limitation to the central region of the 
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irradiated region of the breakdown of the third W~ * ^"6.2003 

_ , . , me 0111(1 ^ ^ adjacent areas, for instance adjacent 

tracks, do not receive enough enerev through . , , aqjacent 

]aver - hr , , ^ nergy through irradiauon to reach the point where the third 

^^^^^ 

^77™ ^erelTrea^ouF^ 
will not each the temperature required for the local break down of tJiird layer in the Xent 
in adjacent areas are prevented. writing- 

s B l^ ^ T ^ * * "* U ' ta »* ~*« — * H» «- 1 ayer adds 

^»"^«^ftu^ tobemitoleill0I8ani(! Tbednrdiayeradds 
A further embodiment is characterized in that th* <*4™i i 

Eaoh member rfme group of ZnS-Si02, SiC, AJ2G3 and S.3N4 ete was 
founo » be a sunabie mafcnai ibr me to layer ma, sepam.es me firs, tay er t^Lond 

fte second ,ayer as long as me mird iayer is .ocnny no, broken down in a region oZZ 
tod .ayerrs broken down in a region memaferia, of me mird iayerno loZ^Z 

■ * down by irradiating mem wim a dose of User 
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energy. The material for the third layer is selected from the group of ZnS-Si02 SiC, A1203 
Si3N4 such that the breakdown occurs at the appropriate temperature, depending on the 
reaction temperature of the materials of the first and second layer. As explained before the 
temperature where the break down occurs of the material of the third layer is preferably 
higher than the temperature at which me reaction between the materials of the first and 
second layer occurs in order to obtain marks that are smaller than the marks obtained when 
no third layer would be present, but a lower temperature where the break down of the third 
layer occurs can also be used advantageously, for instance to obtain a more durable record 
carrier. 

A further embodiment is characterized in that the third layer comprizes a third 
material form the group Pt,Au,Ag. (absorbing third layer) 
These elements are suitable materials for the interface layer. 

A further embodiment is characterized in that the information is recorded 
using multilevel recording. 

The precise control of the size of the mark using this method allows multi- 
level recording to be used when using the method according to the invention. Further more 
because smaller marks can be obtained, a series of successive directly adjacent marks can be 
used to obtain multi level recording in the same area as a regular sized mark. 

A further embodiment is characterized in that the multilevel recording is 
performed by writing multiple overlapping marks. 

Once the third layer is broken down in a region it stays broken down and is not 
significantly effected by further doses of laser energy being applied to the region. 

It is thus possible to regulate the size of the mark by writing a first mark and 
successively, either immediately after writing the first mark or after one or more revolutions 
of the record carrier in case of a record carrier with circular or spiral tracks, writing a further 
mark that overlaps with the first mark to the desired amount 

The size of the mark can be slightly increased by overlapping the second mark 
substantially with the first mark, for instance if the overlap is 90% the size of the resulting 
mark will be 1 10% of the size of the first mark. By varying the amount of overlap between 
100% and 0% the size of foe resulting mark can be adjusted between 100% and 200 % of the 
first mark. Of course a third or further mark can add to the size of the resulting mark until foe 
desired size of foe mark is reached. 

A record carrier according to foe invention is characterized in that a third layer 
of a third material is located between foe first layer and foe second layer that enables a 
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reacfconoetweeh the first material W-fc^a^^^^^^ 

region. 

By separating the recording layers by a third layer there is no reaction possible 



■urn bya crose otiasgere nergyrm^e~regio"n~ 



-5- - where-the third layeris broken^ the reaction between the firstlayer and me-second layer 
can take place. In the other regions the first layer and the second layer remain separated by 
the third layer and any reaction leading to a reduction in contrast is prevented. 
Robust readability and long term stability are thus achieved. 

7 .'" "7 A ^ ^odiment of the record carrier is chara^^ 
V is a chemical reaction 

The change to contrast can be achieved by choosing to to, material of fee 
to, tayer and to second material of to second layer sncb to, toy win produce a change in 
confess, when mixed. This may be organic and inorganic materials. Since to third layer 
separates to two materials, to invention allows combinations of materials to be chosen to. 
would normally react with each other when to contact, even a, regular room temperature 
instead of elevated temperatures as created by to irradiation. 

Former more combinations of materials can be chosen that react when 
uradiated wife a dose of laser energy to. is tower ton to dose of laser energy needed to 
break down to third layer. 

When choosing a combination of material* to. react when inadiated wim a 
dose of laser energy to. is higher ton to dose of laser enemy needed to break down me 
tod layer, to feird layer win be broken down to a hrger region titan where to materials of 
tire to, and second layer react This however still provides to advantege of to definition of 
to magnum area where to materials of to to, and second layer win react improvtog to 
long term stability and putting an upper limit to to reduction of contiast 
A wider choice of materials is possible. 

A further embodiment of to record carrier is characterized in mat to third 
layer requires a higher dose of laser energy for enabhng to reaction ton required for to 
reacuon of to first material with to second material. 

The dose of laser energy applied to to layera has to shape of abefi curve 
The temperatore in to region taadiated by to laser is tore fere no. unifcrm bu, has a 
relatively small center wife a higher temperature and a area around to center of to region 
where fee temperatore is lower. When choosing a materral for fee third layer to, requires a 
htgher dose of laser energy to be broken down, fee area where fee feird layer breaks down 
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will be limited to me center of the region irradiated by the laser. The area where the third 
layer breaks down will consequently be smaller than the total region irradiated. The reaction 
between the material of me first layer and the material of the second layer will be restricted to 
the area where the third layer breaks down so that the area of the reaction between the 
material of the first layer and the material of the second layer will also be smaller than the 
total region irradiated by the laser. In this way the reaction between the material of the first 
layer and the material of the second layer is limited by size of hole in third layer not by 
melting / reaction characteristics of the materials of the first and second layers. 

The mark thus created by the reaction will also be smaller than the total region 

irradiated. 

In other words: marks that are smaller than the spot size of the laser used to 
write the mark can be written on the record carrier. Smaller marks allow more marks to be 
recorded on the record carrier, resulting in a higher storage capacity of the record carrier 
because both in a tangential as well as radial direction the density can be increased. 

It must be noted that the absorption plays an important role in energy 
absorption from the irradiation. Thus even though the third layer receives less irradiation than 
the layer above the third layer when the irradiation originates from above, a higher absorption 
still results in a shift of the temperature distribution in the region of the third layer that is 
irradiated to a higher temperature than me first layer and the second layer in that region. 
This interacts with me temperature at which the third layer is broken down in that several 
advantages can be obtained when compared to a particular material for the third layer as a 
reference point: (see above comments) 

a material with a higher break down temperature can be chosen for the third 
layer when, for the same irradiation, a higher absorption is chosen 

a material with a lower break down temperature can be chosen for the third 
layer when, for the same irradiation, a lower absorption is chosen. 

a material with the same break down temperature can be chosen for the third 
layer and will, for the same irradiation, result in smaller openings in the third layer when a 
lower absorption is chosen. 

a material with the same break down temperature can be chosen for the third 
layer and will, for the same irradiation, result in larger openings in the third layer when a 
higher absorption is chosen. 

The absorption of organic dyes can for instance be controlled in relation to the 
color of the radiation from the laser. 
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dose of laser energy lor enabling the reaction ton required for Are reaction of the ft* 
mate rial wife the second material is to, ^oss write effects are ntinimized. Because of to 
**** 1,1 "* ■l'-"*™ tou touon-and-to lauuauun to tEe cental rcg,6n SFBT 



w w ^ ^cjjum region or ttie 

uucks, do not recerve enough energy through irradiation to reach to point whem me ^ 
*T Thus-even tongh to materia.sof to first and second layers in to 

adjacent regums receive enough radiation to reach a temperature where a reaction could 

10 wtilnotre^toto^nn.,^^^^^^^^^^^ 

regrons. fc this way to born smau marks can he writot and cross write effects ton writing 
in adjacent areas are prevented. 

A further embodiment of the record carrier is characterized in that the first 
material is Si and that the second material is Cu 

15 S^^beenfcnndtobesui.ab.etorg^ 

^.y te a record carrier using Si and Or as recording materials, resulting in a more 
durable record carrier. 

A further embodiment of the record carrier is characterized in lhat the first 
material is Bi and that the second material is Sn 
20 Bi and Sn have been found to be suitable inorg^c recOTding materials. The third layer adds 
stebtirty to a recom easier using Bi and Sn as recording materia* msuKing in a more dumbie 
record earner. 

A further embodiment of the record carrier is characterized in that the first 
material is In and that the second material is Sn 

25 In and Sn have been found to be suitab.e inorganic recording materials. The third layer adds 
stitohty to a recon. earner using fn and Sn as recording materials resmting in a mom durable 
record earner. 

A further embodiment of the record carrier is characterized in tot the third 
.ayer comprises a third material selected from to gmup „f Z..S, Si02 Sic, AI203 SiN 
Each member of to group of ZnS, SiQ2 Sic, AJ203 and SiN was found to be a suitable 
materia, for to fltim iayer to, sepatntes to firs, layer femtosecond .ayer ontorecom 
earner.!, forms a barrier preventing reactions be^een to firs, .ayer and to second layer as 
long as to tod layer is .ocally no, broken down in a region. Once to uurd iayer is bmken 
downmaregiontomaterialoftomWhyer no longer prevems reactions between to firs, 
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layer and the second layer in that region. The materials ZnS, Si02 SiC, A1203, SiN were 
found to break down by irradiating them with a dose of laser energy. The material for the 
third layer is selected from the group of ZnS, Si02 SiC, A1203, SiN such that the breakdown 
occurs at the appropriate temperature, depending on the reaction temperature of the materials 
of the first and second layer. As explained before the temperature where the break down 
occurs of the material of the third layer is preferably higher than the temperature at which the 
reaction between the materials of the first and second layer occurs in order to obtain marks 
that are smaller than the marks obtained when no third layer would be present, but a lower 
temperature where the break down of the third layer occurs can also be used advantageously, 
for instance to obtain a more durable record carrier. 

An embodiment of a recording device is characterized in that the control 
circuit, when the detection circuit detects a record carrier comprising a first layer of a first 
material and a second layer of a second material where a third layer of a third material is 
located between the first layer and the second layer where that third layer enables a reaction 
between the first material and the second material in a region when that third layer is 
irradiated in that region with a dose of irradiation, adjusts the dose of irradiation such that the 
third layer enables the reaction. 

A recording device must adjust the parameters associated with the write 
strategy to comply with the requirements with the record carrier on which data is to be 
recorded. 

For this the recording device must be able to detect the type of record carrier. 
Alternatively the recording device can be made suitable for a single type of record carrier 
only so that no detection is required, or other known methods can be applied to determine 
appropriate parameters for the recording process. 

The parameters are then provided to a control circuit that controls the laser 
device that emits the dose of laser energy to adjust the recording process to suit the record 
carrier to be recorded. 



The invention will now be described based on figures. 
Figure 1 shows the cross section of a record carrier of the prior art. 
Figure 2 shows the irradiation of a record carrier to write a mark on a record 
carrier of the prior art. 

Figure 3 shows the cross section of a record carrier according to the invention. 
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Figure 4 shows the irradiation of a record carrier according to the invention. 
Figure 4a shows contrast measurements performed for a variable first I layer 
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5 - the influence of the dose^n the mark formation.- 

Figure 6 shows modulation measurements on record carriers with various 
... . Bjaterials for the first and second layer. 

Figure 7 shows reflection and transmission measurements as a function of the 
temperature-for-Bi-Sn-and-Sn-Bi based record carriers. 

Figure 8 shows an implementation of a multi level write once recording using 
a record carrier according to the invention. 

Figure 8a shows a write strategy for a single mark. 
Figure 8b shows a write strategy for a double mark. 



Figure 1 shows the cross section of a record carrier of the prior art 
The record carrier 1 has a first layer 2 and adjacent to the first layer 2 a second layer 3. The 
first and second layer 2, 3 are applied to a carrier 4. A protective layer 5 is applied to protect 
the first and second layer 2, 3 from damage. The protective layer 5 can also be in me form of 
a second carrier so that the first and second layer 2, 3 are sandwiched between two carriers 
where each carrier provides mechanical stability and protection. 

Figure 2 shows the irradiation of a record carrier to write a mark on a record 
carrier of the prior art. 

In figure 2 only the first layer 2 and second layer 3 are shown. The carrier 4 
and protective layer 5 are omitted for clarity. 

When a region 6, 10 of the first and second layer is irradiated with a dose of 
laser energy by a laser beam 9 the temperature in this region 6, 1 0 is raised above the average 
temperature of the record carrier. 

The temperature in a small region 6,10 of the record carrier i is increased to 
the point where the material of the first layer 2 and the material of the second layer 3 start to 
react and form a new material. This new material in the region 6,10 has a reflectivity that is 
different from the original material that did not receive a dose of laser energy, m this way a 
mark is written on the record carrier. 
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The dose of laser energy 7 is not distributed evenly across the laser beam 9 but 
has the shape of a gause curve. The materials in the region 6, 10 irradiated with a laser dose 
above a certain level 8 of the laser dose 7 will react and form a mark. 

Because the material of the first layer 2 and the material of the second layer 3 
are in contact with each other on me entire record carrier a slow reaction at, for instance 
room temperature in areas that were not irradiated with a dose of laser energy will result in a 
slow loss of contrast of the record carrier 1 and thus of a reduced reliability both in respect to 
readability and durability of the record carrier. 

Figure 3 shows the cross section of a record carrier according to the invention 
The first layer 2 and the second layer 3 are now separated by a third layer 1 1 . The third layer 
prevents that the material of the first layer 2 and the material of the second layer 3 are in 
contact with each other. Since there is no contact them will be no reaction between the two 
layers 2, 3. 

Figure 4 shows the irradiation of a record carrier according to the invention 
In order to write a mark on the disc of figure 3, a dose of laser energy 7 is applied to a region 
6, 6A, 10, 10A, 12, 14, 15 by a laser beam 9. The region 10, 10A, 12 in the first layer 2 
absorbs energy from the laser beam and the temperature of the region 10, 10A, 12 of the first 
layer increases. The energy not absorbed by the first layer 2 passes on to me third layer 1 1 
The region 15, 15 A, 15B of the third layer 1 1 also absorbs energy from the laser beam and 
the temperature ofthe region 15, 15A, 15B increases. The energy not absorbed by the third 
layer 1 1 passes on to the second layer 3. 

The region 6, 6A, 12 ofthe second layer also absorbs energy from the laser 
beam and the temperature ofthe region 6, 6A, 12 increases. 

The dose of laser energy 7 is not uniform across the laser beam 9. Only where 
the dose of laser energy 7 exceeds a certain value 8 the temperature ofthe region 10, 10A, 12 
ofthe first layer 2 increases enough to enable a reaction ofthe material ofthe first layer 2 
with the material ofthe second layer 3. m addition, only where the dose of laser energy 7 
exceeds a certain value 8 the temperature ofthe region 6, 6A, 14 ofthe second layer 3 
increases enough to enable a reaction ofthe material ofthe second layer 3 with the material 
of the first layer 2. 

For me third layer 11 the dose of laser energy must reach a higher value 13 
than the value required for the first and second layers 2, 3 in order for toe temperature ofthe 
region 15, 15A, 15B of the third layer 1 1 to increase to the point where the material ofthe 
third layer 1 1 in the region 15 is broken down. This can be controlled by the choice of 
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matenal for Hie fluid layer or by controlling the absorption by the material of the third layer " 
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Since the higher value of the dose of energy is only reached in a smaller region 



5---smaU-region -l-5 of-the tlurd-layer is-broken down,This area is smaller than the-regions-10— - 
10A, 12, 6, 6A, 14 where the materials of the first and second layers 2, 3 reached the 
temperature for reaction. Consequently only the material in a small region 12 of the first layer 
2 reacts with the material of a small region 14 of the third layer. 

^ system-has been proposed as write-once recording-system The 
) systems Bi-Sn and In-Sn have been proposed as writeonce recording systems. An important 
drawback of these systems, in particular if used for two-dimensional data storage is the 
thermal cross-write and thermal in-track interference. The proposed barrier layer provides 
much more stability with respect to these thermal effects. An additional advantage is the 
increased stability at elevated temperatures. 

Several volume ratios are known that provide stable reaction products Si n 
Cu ffi . Experiments performed with a 50-50% volume ratio show at least the feasibility of such 
an morganic recording system. Other volume ratios are also possible. Contrast measurements 
of the initial state and the recorded state were performed with a reflection-transmission 
measurement system (RTM) for I-Si-Cu-IAg samples, I denoting a ZnS-Si02 dielectric layer 
The recorded state was obtained after thermal annealing of the stack to initiate the chemical 
reaction (the thermal annealing was performed on the thermal RTM set-up). The Si and Cu 
layer thickness was equal and taken to be 5, 7 and 9 nm. Contrast measurements performed 
for a variable first I layer thickness (varied between 20 and 100 nm) are shown in Fig 4a for 
the three Si-Cu layer thickness (all having a 50-50% volume ratio). The 9 mn Si and Cu 
results in almost 80% contrast at an H layer thickness of about 50 nm. 

Figure 5 shows the mark formation on a Si-Cu based record carrier showing 
me influence of the dose on the mark formation. 

Numerical simulations of mark formation have been carried out for a 
M-I2-^-n recording stack to illustrate the super resolution properties of the proposed 
recording stack (II and 12 denote the ZnS-Si02 dielectric layers, P denotes the compound 
recording layer (P=Si-I-Cu) and M is the metallic heat sink layer (in case of Ag) The layer 
thickness of the layers were Ag-I2-(Cu-I-Si)-l 1 = 60-44-(5-2-5)-20 nm. Mark formation was 
defined as the in-plane area in the recording stack that exceeded the melting temperature of 
the interface barrier, in between the Si and Cu layer. Half inplane mark sizes are given in Fig. 
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5 as a function of the melting temperature of the barrier layer for a sequence of six write 
pulses. It is noted that such a write strategy is used to write longer marks in a run-length 
modulation code. The result of the first write pulse in the sequence, corresponding to the 
leading edge of the calculated mark, illustrates more or less the result of a single write pulse 
strategy, for example as used in a multi-level recording scheme with a fixed cell length Mark 
profile 50 is the result of a relatively low melting temperature while mark profile 51 is the 
result of a relatively high melting temperature. The difference in mark size illustrates that 
actually the melting temperature in combination with write power and optical properties of 
the recording stack can be used to control the mark size. The blue circle 52 (with Ro radius) 
denotes the 1/e size of blue laser spot It is clear that for a relatively high melting 
temperature, only a very small aperture is created in the barrier layer to allow physical 
contact between the two reactive recording layers Si and Cu. 

Possibilities for the thin barrier layer are for example ZnS-Si02 SiC A1203 
Si3N4, SiQ2, C, KC1, LiF, NaCl, Pt, Au, Ag, etc. Requirements for the barrier layer are: 

1. The melting temperature of the barrier layer should be higher than the mixing 
temperature of the Cu-Si, or Bi-Sn, or In-Sn systems. It is foreseen that a melting temperature 
equal to or a little bit lower than the reaction temperature of the CuSi, Bi-Sn or In-Sn systems 
leads also to smaller bits but the possibly incomplete reaction/rnixing between the different 
layers may lead to lower modulation. 

2. Chemical stability at room temperature. 

3. Strong threshold behavior: melting causes the formation of aperture, at 
moderate temperature rise no diffusion through layer possible! 

Figure 6 shows modulation measurements on record carriers with various 
materials for the first and second layer. 

In Fig. 6, results of static tester measurements on Cu-Si disc and on the 
(ZnS-Si02)-Cu-Si-(ZnsS-SiO2) and SiN-Bi-Sn-SiN discs are compared to the results 
obtained for a standard phase-change Blue-ray Disc. Shown is the signal modulation (ratio of 
the peak-peak signals from the longest run length (in this case 18) to the signal amplitude) as 
a function of the write pulse length The standard Blu-ray Disc is based on the GelnSbTe 
phase-change material that can be reversibly switched between an amorphous and a 
crystalline state. The Blu-ray Cu-Si was a test disk, the CuSi was a home-made disc with 
layer thickness 7 nm and the BiSn system had 1 5 nm layer thickness. It can be seen from the 
figure that a modulation equal or even higher than that for a standard Blu-Ray Disc can be 
obtained with the proposed write-once systems. 
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Figure 7 shows reflection and tfarisntissibnmeasurenients as a function of the 
temperature for Bi-Sn and Sn-Bi based record carriers. 

Seven J volume ratios 816 ^own that provide stable reaction products S^Cu*, 

" State and1hereCOrded state-were-performed usmg-reflectionWtransntission-measurements 
for I-Si-Cu-I-Ag samples, I denoting a ZaS-Si02 dielectric layer. Contrast is defined as the 
next ratio: Contrast (RM^^tten)/Rinit. Contrast measurements are given in Figure 9 as 
a function of me dielectric layer II for three layer thickness, 5, 7, and 9 nm. It is seen that 
• good contrast can be obtainedfor-a-volume ratio of-50% for three shown layer thicknesses. - 
The recorded state was obtained after thermal annealing of the stack to initiate 
the chemical reaction. The results of these thermal reflection and transmission measurements 
(RTM measurements) on the Bi-Sn system are shown in Fig. 7. Shown are the experimental 
results for two layer thicknesses, 15/15 and 30/30 nm, all having for a 50% volume ratio and 
two orientations, SiBi and BiSn. A threshold kind of reaction takes place at about 140°C The 
reflection is initially at around 70%, indicated with 70, while it drops to values of around 10- 
150/c, indicated with 72. On the contrary, the transmission is initially below 5%, indicated 
with 71 while it increases to above 30%, indicated with 73. 

The low transmission of both the initial and written state illustrates that such 
recording stacks can also be used in transparent mode, such as the first recording stack in a 
dual-layer disc 

Figure 8 shows an implementation of a multi level write once recording using 
a record carrier according to the inventioa 

A schematic of 2D multi-level recording is shown in Fig. 8. We have 
considered a rectangular grid, but a hexagonal structure (honeycomb structure) may be 
possible as well (such a scheme is used in the 2DOS project). Jh the initial phase, the matrix 
of 9 cells, indicated by the tracks N-l, N and N+l and the subsequent cells M-l, M and M+l 
are unwritten (also track N-2 is unwritten). In step l.datais written in track Nl. The mark ' 
size is only controlled by the write power. In step 2, data is written in track N. In step 3, data 
is written in track N+I . 

A great advantage of the proposed recording stack and method is the ability to 
write marks at super resolution, i.e. smaller than the optical spot This allows a significant 
reduction of the track pitch. A possibility is then to use the method and record carrier to write 
a two-dimensional data pattern. 
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In case the tack pitch is significantly reduced, the measured reflection fto m 
tackN comprises me contribution ftom tacks N-l and N+I as wefl (optica! cross-talk) The 

r uTZ " 3 *" *° a ° adne °— - Airy), nr. readout signal 

should therefore be seen as a convention of the intensity profile aud the preseu, date 

T^caUy, me marfca to tire cental tack win have a more significant contribution to me total 

mTt-Tr !" ta ^ ^ 10 — ' ~*» plication, 

" ^ ^ fe ™-4 »"« we cau design me system such that i 
optimally uses optical cross-talk. 

raepitfo, ^^^<»»^byaproper S eleetionofme W ri teS ta te gy 
(pu.se times andpufcepowera). The write statogy neods to be optimized a, leas, for three 
^sequent cells (M-1,M and M + l). If me previous ceB M-, is written, the hea, dissipated in 
una locarion may affect the writing of cell M (pre hea, effect). Also, tire writing of cell MH 
may affect the previously written cell M, (so-calledpos, hea. effect). The pes. and pre hea. 
effects need to be controlled in order to control tire writing of me cell M. 

Possible parameters to play around with are the power and length of the write 
pulse and a sort of preheat pulse for tire next mark to be written and the possib.e coohng gap 
An exampte of such a write stategy is given in me Figure 8a. The pulse heigh, Pmel, 
determines me size of the molten area. The duration and power of Pdiffuse can be used to 
control tire degree of diffusion of layer , and rayer 2. He coohng gap is needed to coo, down 
tire recordrng stock and c*n be used control tire thermal interference (pre hea, effect) in tire 
recorimg stock (bias level). Tie tackpiteh, tire power ,eve.s andpulse duration are close* 
related and need therefore to be optimized in a cluster optmuzation algorithm 

Svnchronizntionofpiteisvevurrp^rtan.smco the pftsin tire adjacent tacks 
ueedtobeplacedwrth high spatial ac<^ wim respect to pr^mrhecontal tack We tirink 

r'tm w T" 1 * Pre " _d IimdS " »• 2. Written long 

(e.g. 120) prts/marks rha, enable the reconstruction of tire synchronization pattern 

Synchronizution is done by measuring tire long syncs in tire adjacent tack via optica! cross 

talk Srnce tire tack piteh is much smaller than the optical spot size (diffraction Hmit) itis 

expected that tire adjacent marks will be detected when focussing „ n tire cental tack.' 

A multi-level pattern can be generated by writing overlapping marks ft, 

example 80 is a single marie and 8> is a double marie (2 overlaying marks), born indicated in 

F.g 8. In the next write cycle, pattern 83 and 82 are written. Laathird write cycle, pattern 85 

and 84 are written in track N+l A tvmVni Tvri+o. *+~,+ * 

l - A Weal write strategy used to write a double mark is 

indicated in Fig 8b. 
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1 . A method for recording information on an optical dfcc comprismg a first layer" 

of a first material and a second layer of a second material, the method comprising irradiating 
a region of the "optical disc "with "aldose of laser energy where i the first Material of the first 
layer reacting with the second material of the second layer in the region irradiated with the 

dose of laser energy, - 

characterized in that a third layer, located between the first layer and the second layer when 
irradiated with a dose of laser energy only enables the reaction between the first material and 
the second material in the region irradiated by the laser dose. 

2 - A method for recording information on an optical disc as claimed in claim 1 , 
characterized in that the reaction is a chemical reaction 

3 - A method for recording information on an optical disc as claimed in claim 1, 
characterized in that the reaction is a melting to form an alloy of the first material and the 
second material 

4 - A method for recording information on an optical disc as claimed in claim 1 , 
characterized in that the reaction is an organic reaction 

5 - A method for recording information on an optical disc as claimed in claim 1 , 
characterized in that the reaction is enabled by permanently altering the region in the third 
layer. 



6 - A method for recording information on an optical disc as claimed in claim 1, 

characterized in that the permanently altering is achieved by irradiating an organic material i 
the third layer. 
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7. A method for recording infonnation on an optical disc as claimed in claim 1, 
characterized in that the third layer requires a higher dose of laser energy for enabling the ' 
reaction than required for the reaction of the first material with the second material. 

8. A method for recording information on an optical disc as claimed in claim 1, 
characterized in that the first material is Si and that the second material is Cu 

9. A method for recording information on an optical disc as claimed in claim 1, 
characterized in that the first material is Bi and that the second material is Sn 

10. A method for recording information on an optical disc as claimed in claim 1, 
characterized in that the first material is In and that the second material is Sn 

11. A method for recordmg information on an optical disc as claimed in claim 1, 
characterized in mat the third layer comprises a third material selected from the group of ' 
ZnS, Si02 SiC, A1203, SiN 

12. A method for recording information on an optical disc as claimed in claim 1, 
characterized in that the information is recorded using multilevel recording. 

13. A method for recording information on an optical disc as claimed in claim 1, 
characterized in that the multilevel recording is performed by writing multiple overlapping' 
marks 

14. A record carrier comprising a first layer of a first material and a second layer 
of a second material characterized in mat a third layer of a third material is located between 
the first layer and the second layer that enables a reaction between the first material and the 
second material in a region when irradiated in that region. 

15. A record carrier as claimed in claim 14, 
characterized in that the reaction is a chemical reaction 
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16. ' A record carrier as claimed in claim 14, 

characterized in that the reaction is a melting to form an alloy of the first material and the 
second material 



5 17. 



A- record carrier as-claimed in claim-14 r -- 



characterized in that the reaction is enabled by permanently altering the third layer. 



1 8 - A record carrier as claimed in claim 14, 

eha ^ rized ^ to toe 
0 reaction than required for the reaction of the first material with the second material. 

19. A record carrier as claimed in claim 14, 

characterized in that me first material is Si and that the second material is Cu 

5 20. A record carrier as claimed in claim 14, 

characterized in that the first material is Bi and that Hie second material is Sn 

21 • A record carrier as claimed in claim 14, 

characterized in that the first material is In and mat the second material is Sn 

22. A record carrier as claimed in claim 14, 

characterized in mat the third layer comprises a third material selected from the group of 
ZnS-Si02, SiC, A1203, Si3N4, Si02, C, KC1, LiF, NaCl, Pt, Au, Ag. 

23. A record carrier as claimed in claim 14 to 20, 
characterized in that the record carrier comprises a further recording layer. 

24. A recording device for recording information on an optical disc comprising a 
control circuit for controlling a dose of irradiation emitted by a laser and a detection circuit 
for detecting a type of an optical disc, 

characterized in that the control circuit, when the detection circuit detects a record carrier 
comprising a first layer of a first material and a second layer of a second material where a 
third layer of a third material is located between the first layer and the second layer where 
that third layer enables a reaction between the first material and the second material in a 
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region when that third layer is irradiated in that region with a dose of irradiation, adjusts the 
dose of irradiation such that the third layer enables the reaction. 

25. A recording device for recording information on an optical disc as claimed in 

5 claim 24, 

characterized in that the recording is a multilevel recording 
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26. A recorder for recording information on an optical disc as claimed in claim 25, 

characterized in that the control circuit of the recorder controls the irradiation emitted by the 
laser such that one region is irradiated or multiple overlapping regions are irradiated. 
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ABSTRACT: " 



A record carrier comprises two layers that react with each other when 
irradiated to form a mark on the record carrier. The two layers are separated by a third layer 
Mt P r ^te directcontact oftiSe r twoiiyersmus providing stability to 

5 opening is created and the reaction of tiie two layers is no longer prevented in that region and 
a mark can be formed The size of the resulting opening determines the size of the mark and 
can thus be used to create a very small mark allowing high density recordings. 

Fig 4. 
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